Introduction: Idiopathic sclerosing orbital inflammation is a rare and ill-defined heterogeneous entity, and a distinct subset of orbital inflammation. Recently, attention has been focused on immunoglobulin G4-related disease complicated with fibrotic changes in some other organs with high serum immunoglobulin G4 levels. This report presents a case of suspected idiopathic sclerosing orbital inflammation complicated with high serum immunoglobulin G4 levels. Case presentation: An 82-year-old Japanese woman had a 30-year history of chronic thyroiditis. She experienced right ptosis and eyelid swelling. These symptoms gradually developed over five years. The clinical and radiographic findings suggested that our patient had idiopathic sclerosing orbital inflammation. We were unable to obtain our patient's consent to perform a biopsy. While the serum immunoglobulin G level was within the normal limits, the serum immunoglobulin G4 level was significantly elevated. The serum immunoglobulin G4 levels decreased after the administration of oral prednisolone at a daily dose of 20 mg. In addition, the swelling and ptosis of the right upper eyelid disappeared gradually after four weeks. Our patient was then suspected to have idiopathic sclerosing orbital inflammation complicated with immunoglobulin G4-related disease and chronic thyroiditis. Conclusion: An orbital pseudotumor of this type is indicative of idiopathic sclerosing orbital inflammation immunoglobulin G4-related disease. Immunoglobulin G4 may thus be considered a subclass of immunoglobulin G when the serum immunoglobulin G level is within normal limits.
Introduction
Idiopathic sclerosing orbital inflammation (ISOI) is a rare, distinct subset of orbital inflammation, which is difficult to diagnose and manage. In addition, ISOI is an ill-defined heterogeneous entity. There are many reports on ISOI [1] [2] [3] [4] . Early intervention with immunosuppression in the form of corticosteroids can result in the control and even regression of the disease. Various diseases that cause fibrotic changes in different systemic organs have been reported in cases of ISOI [5, 6] . Multifocal fibrosclerosis or systemic idiopathic fibrosis occurs when orbital pseudotumor (OPT) is complicated by idiopathic retroperitoneal fibrosis (IRF), sclerosing cholangitis (SC) or Riedel's thyroiditis [7, 8] . This disease group has also been collectively known as "fibrotic overlap syndrome" due to its excellent response to steroids [9, 10] . On the other hand, serum immunoglobulin (Ig) G4-elevated cases that are complicated with fibrotic changes in different systemic organs are known as IgG4-related autoimmune disease [11] , hyper-IgG4 disease [12, 13] , and IgG4-related sclerosing disease [14] [15] [16] [17] [18] [19] . Masaki et al. proposed a new clinical entity, IgG4-positive multiorgan lymph proliferative syndrome (MOLPS), based on the clinical features and a good response to steroids [20] . Thus far, however, the findings have been insufficient. In addition, no consensus has yet been reached regarding the definition of IgG4-related sclerosing disease. Recently, Umehara and Okazaki reached a consensus regarding its name and now call it "IgG4-related disease" [20] . An orbital pseudotumor as described in this case may indicate ISOI and may be relevant to IgG4-related disease. A subset of ISOI may include IgG4-related disease.
Case presentation
An 82-year-old Japanese woman had a 30-year history of chronic thyroiditis. She had suffered from right ptosis and eyelid swelling for five years. She entered another hospital for a workup. However, she did not receive treatment at that time and her symptoms remained untreated. These symptoms were still persisting when she had a check-up at our clinic.
Our patient had been administered levothyroxine sodium hydrate for several years. She had never received a blood transfusion, and her family history was unremarkable. A physical examination at the time of onset showed our patient to be well nourished; her height was 146 cm, and her weight was 52 kg. There was swelling and ptosis of her right upper eyelid. Her thyroid gland was not enlarged, but it was slightly hard when palpated. Her chest and heart were normal, and no abdominal tumor or hepatosplenomegaly were observed. There was also no remarkable swelling in her lymph nodes or peripheral edema in her extremities. Her neurologic function was also normal. No bilateral hilar lymphadenopathy (BHL) was identified in chest X-ray findings. Laboratory data were obtained during the check-up. Hematologic tests were within the normal limits. Her thyroid function tests showed free thyroxine 0.9 ng/dL (normal range 0.8-1.7 ng/dL), free tri-iodothyronine 2.2 pg/mL (normal range 2.2-4.1 pg/mL), thyroid stimulating hormone (TSH) 1.11 μIU/mL (normal range 0.35-3.73 μIU/mL), thyroid test × 6,400 (normal < × 100), anti-TSH-receptor antibody 9.5% (-15~15%), anti-thyroglobulin antibody 59.0 U/mL (normal range < 0.3 U/ mL). Autoantibody tests were negative for rheumatoid arthritis, lupus erythematous, antinuclear antibody, anti-DNA antibody and antimitochondrial antibody. Computerized tomography (CT) of her head was subsequently performed. A head CT of the orbit revealed an infiltration of the right intraorbital diffuse fibrotic tissues ( Figure 1a ).
Our patient was followed for five years and showed continued swelling and ptosis of her right upper eyelid. Clinical and radiographic findings suggested her diagnosis to be ISOI complicated with chronic thyroiditis. While the serum IgG level was within the normal limits (1577; normal range 870-1700 mg/dL), the serum IgG4 level was found to be significantly elevated. The IgG subclass was measured resulting in a IgG1 level of 643 mg/dL (normal: 320-748 mg/dL), an IgG2 level of 701 mg/dL (normal: 208-754 mg/dL), an IgG3 level of 48.9 mg/dL (normal: 6.6-88.3 mg/dL), and an IgG4 level of 185 mg/dL (normal: 4.8-105 mg/dL). Therefore, our patient was diagnosed to have suspected ISOI complicated with high serum IgG4 levels and chronic thyroiditis. Oral prednisolone administration was initiated. The serum IgG4 levels decreased dramatically. The laboratory data showed IgG4 94 mg/dL (Figure 2 ). The swelling and ptosis of her right upper eyelid disappeared gradually. In addition, magnetic resonance imaging (MRI) revealed infiltration of the right intraorbital diffuse fibrotic tissues which regressed and diminished after four weeks (Figure 1b) . After 12 months, the laboratory data showed IgG4 64 mg/dL. Our patient is currently healthy. 
Discussion
The OPT observed in this case was suspected to be ISOI and may have been related to IgG4-related disease. The diagnosis of IgG4-related disease is defined by both an elevated serum IgG4 level (> 135 mg/dL) and certain histopathological features, including lymphocyte and IgG4 positive plasma cell infiltration (ratio of IgG4 positive plasma cells to IgG positive plasma cells > 50% on a highly magnified slide checked at five points) [20] . In the present case, because a biopsy had not been performed, the diagnostic criteria for IgG4-related disease were not satisfied. However, despite the fact that the serum IgG level fell within the normal range, she had high levels of IgG4. Moreover, prednisolone was exceptionally effective, so an IgG4-related disease was suspected.
Neild reported that an increased IgG concentration in the absence of hypergammaglobulinemia is typical but, ideally, IgG4 should also be measured [14] . While the serum IgG level was within the normal limits in our patient, her serum IgG4 level was significantly elevated. It is prudent to measure blood IgG4 level in a case of ISOI with a normal IgG level. If the value is elevated, careful observation for the development of IRF and/or fibrotic changes in the other organs should be conducted. A strict follow-up is therefore recommended in such cases. Normally, when IgG4-related sclerosing disease is suspected, it is necessary to conduct a histopathological examination. However, in this case, we were unable to obtain the patient's consent to conduct a histopathological examination.
There are a few points to consider in this case. First of all, the question as to whether ISOI and chronic thyroiditis, which appeared as complications in the present case, were indeed related to IgG4 remains to be definitively concluded. To do this a histopathological study was required, but was not possible as we could not obtain the permission of our patient. However, ISOI itself is vaguely defined, and it was assumed to be an OPT accompanying fibrosis of unknown origin. One should take into account the possible chronic sclerosing dacryoadenitis in the case of ISOI [21] . Regarding the ISOI in the present case, chronic sclerosing dacryoadenitis, Graves' ophthalmopathy, etc., should also be included in the differential diagnosis. In Graves' ophthalmopathy, orbital CT and MRI findings show an enlargement of one or more extraocular muscles. However, the imaging of ISOI normally reveals an enlargement of one or more extraocular muscles with infiltration into the intraorbital fibrotic tissues. There are also no gold standard diagnostic criteria for differentiating ISOI from orbital lymphoid lesions or orbital cellulitis. Diagnosis in such cases is therefore based on the clinical presentation and response to treatment with some input from CT and MRI [22] . Taking the serology into consideration, based on the high values for IgG4, the eye symptoms in the present case were thus believed to indicate symptoms associated with IgG4-related disease. Moreover, discriminating ISOI from sarcoidosis, Wegener's granulomatosis, lymphoma, cancer and other diseases is necessary. These possibilities should not be ruled out [23] . In the present case, differential antibodies were negative and BHL was not observed in her chest X-rays, so the abovementioned diseases could therefore be, to some extent, excluded. The lack of a pathological examination meant that they could not be definitively excluded.
The second important point to note is regards the thyroiditis. In the present case it was considered to be one type of chronic thyroiditis but, as with ISOI, the high values for IgG4 are suggestive of Riedel's thyroiditis. Riedel's thyroiditis is a chronic fibrosing disorder of unknown etiology, often associated with "multifocal fibrosclerosis." Riedel's thyroiditis is part of the IgG4-related systemic disease spectrum. In many cases, multifocal fibrosclerosis and IgG4-related systemic disease are probably the same entity [24] . In addition, this may be a variation of IgG4-related disease known as IgG4-related autoimmune disease, hyper-IgG4 disease, IgG4-related sclerosing disease, or IgG4-positive MOLPS. In the future, larger studies are called to elucidate the exact mechanism and clinical characteristics of this disorder.
Conclusion
In cases of ISOI with high IgG level or a normal IgG level it is prudent to measure the blood IgG4 level. If the level rises, careful observation for the development of IRF, and/or fibrotic changes in the organs is necessary. A strict follow-up is recommended in such cases.
Consent
Written informed consent was obtained from the patient for publication of this case report and any accompanying images. A copy of the written consent is available for review by the Editor-in-Chief of this journal. 
